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This tiny device is an ultra-reliable Westinghouse TV amplifier
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It can replace all these wires and electronic parts
"With fewer parts and connections,"
Westinghouse scientists decided, "we'd
have a much more reliable amplifier."
So they developed a new kind, using
techniques called "molecular electronics."
The device is a functional electronic block,
one quarter-inch square. (That's the cap-

sule. Actually, the electronics are on a bit
of specially-treated silicon the size of a
chip diamond.)
Other Westinghouse functional electronic blocks are just as small. They're
used in experimental products like a
pocket-size TV camera and a radio receiver

that's half an inch square and an inch long.
Today, Westinghouse makes these ultrareliable little devices mostly for military
applications.
One day, you'll find them in electronic
products everywhere.

You can be sure if it's Westinghouse

For information on a career at Westinghouse. an equal opportunity employer,
write L H. Noggle, Westinghouse Educational Department,Pittsburgh. Pa. 15221.

Bob Reinstrom is observing a potentially more
economical system for producing enriched
uranium on a large scale by separating molecular species with supersonic gas jets.

Young Engineers Find Opportunity at Allison
Bob Reinstrom came to Allison Division, General
Motors, early in 1962 following his graduation from
the University of Minnesota with a BS degree in Mechanical Engineering.
As a research engineer at Allison, he has been associated with the Nuclear Liquid Metal Cell Program, the
MCR (Military Compact Reactor) Project, and the
Energy Depot Project. In these assignments, he has
contributed to these studies:
1 —Analysis and design of heat transfer equipment
to investigate boiling, condensing, and thermal cycling
in closed liquid metal systems.
2—The steady-state parametric optimization and
transient behavior analysis of nuclear reactor systems.
3—Thermodynamic analysis of open chemical processes.
Presently, Bob is doing graduate work in engineering
at Purdue University-Indianapolis campus . . . one of

the many advantages of a job with Allison.
Allison's broad education and training programs offer
unlimited opportunities to the young graduate engineer
desiring education beyond the normal four or five years
of college training.
If you're interested in knowing more about Allison's
Graduate Study Program, see our interviewer when he
visits your campus. Or, write now for your copy of
Allison's brochure, explaining your opportunities for
advancing your professional career at Allison. Send your
request to: Allison Division, General Motors Corporation, Indianapolis, Indiana 46206, Att: Professional and
Scientific Placement.
An equal opportunity employer

Allison_ GM
THE ENERGY CONVERSION DIVISION OF
GENERAL MOTORS, INDIANAPOLIS, INDIANA

General Motors
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editorials

ON TEACHER EVALUATION
Attention has recently been brought to a problem
present at every seat of higher education in America—
how should college teachers be evaluated as to capability and accomplishment? This problem certainly
is not new, but it is one which, because of the increasing importance of a good college education, must
soon be resolved in some way.
Before proceeding further, let us state two assumptions. There is, admittedly, some room for argument
on both, but they will be assumed valid for the purpose
of this editorial.
1. Most students are, to some degree at least, interested in learning the material presented in their
courses, but many lose interest from lack of stimulation.
2. Good teaching requires talent, desire, and knowledge of the subject. Success as a teacher will be proportional to the amount of each of these qualities
present in the teacher.
At today's gigantic multiversities, and even at smaller colleges, graduate and research programs have
placed on teaching faculty rolls a considerable number of men and women who have little desire and
frequently little talent for teaching of undergraduate
courses. Their primary concern is for research, or
graduate work, or both. Teaching of courses in many
cases is just an unavoidable chore necessary in order
to remain at their desired work.
In other cases, faculty members may desire to
teach, but either due to lack of knowledge of the
material or, more often, lack of talent for teaching,
they are not successful in fulfilling the desires of
the serious students in their classes, and they stifle
any vestige of interest in the less serious. In other
words, they are not stimulating.
It follows from these points that some method must
be found for sorting out and relieving from teaching
duties those who, for one reason or another, are not
suited to teaching of undergraduate courses. (Let
us, for the moment, ignore the complication arising
from the shortage of qualified college teachers.) How
are we to do this?
One suggested method is individual evaluation of
each teacher. People in business, especially executives, are constantly being evaluated in the performance of their jobs and in potential for advancement.
Could not this approach be used for college teachers,
also?

This principle is used, in a limited sense, at present.
Unfortunately, it appears that the standards for judging are in some ways inadequate. It has been charged
that in too many instances a teacher is judged by his
research work, his publication record, his administrative ability, or his financial need in the case of
graduate students. These are indeed questionable
standards of teaching ability, although it is not certain how extensively these standards are used.
How, then, does one judge a college teacher's capability? Several methods have been suggested. Likewise, they have been rejected for one reason or another.
The most practical suggestion is for either peers or
superiors to judge the teacher's capability. This would
require the judges to audit a number of actual class
sessions. This proposal has met strong opposition from
faculty members. The basis of this opposition seems to
be something akin to professional pride. Certainly a
college professor or instructor is justified in having this
quality, just as the members of the medical and legal
professions are justified in having it. Yet having a
(Continued on page 22)

DEMONSTRATIONS OF !GNORANCE
A well known television program provided the
ultimate test a few weeks ago to let some "typical
Americans" demonstrate their ignorance. The Candid
Camera Team of "laugh makers" set up a hypothetical
picket line in front of a vacant property and adopted
a slogan something like "This Property Unfair" —
nothing more. Then they invited passers-by to join in
the demonstration.
To the amusement of millions of other typical
Americans sitting at home with their feet propped up
watching televisions, several of these good. citizens took
the bait. With signs and all, they marched to demonstrate nothing but their ignorance.
While such antics might provide a good night's
entertainment and sell lots of soap, there remains a
more frightening interpretation. If people are so easily
contracted for such actions, how can we evaluate the
real demonstrations? Are we, the uninformed ignorant
American public, letting the "laugh makers" provide
the means for us to demonstrate our ignorance?
The purpose of a demonstration is to inform the
public of an injustice. The public then forms an opinion
and either accepts or rejects the proposal. Generally,
if enough people accept and join the demonstration
the injustice will soon be corrected. But if the case
above is any indication of how public opinion is formed, then perhaps a greater injustice will result from
the demonstration. In this sense anyone who joins a
demonstration has a greater responsibility to inform
himself of all the issues involved.
Let us think for a moment about what has developed out of the past year's activities in the South.
True, pressure has been provided in the proper places
to pass a bill outlawing discrimination. But has this
(Continued on page 22)
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April 30 and May 1 should be the most eventful weekend ever at Rose. It will include Parents Day, two athletic contests, two performances of 'Inherit the Wind," and the Great
Centennial Convocation. This convocation,
featuring. six nationally known speakers, is
expected to attract 2,000 people to the campus.
The purpose of the convocation is two-fold.
First it will clearly and publicly state the path
Rose has chosen for the future. It is hoped
that the outstanding caliber of the speakers
will focus national attention on the message.
The second, and most important, purpose of
the convocation is to kick off the the multimillion dollar capital funds drive upon which
Rose is embarking.

The convocation title is:
"Speaking in Tones Many Generations Will
Hear."
Dr. Charles Thompson, Rose's first president, used these words in his inaugural nearly
100 years ago. Then he was paying tribute to
Rose's founders, leaders in bringing science
and engineering education over the Alleghenies to the heart of the new nation.
In choosing these same words to key-note
this equally historic occasion, Rose is describing the impact its campus development and
new academic program will have in "preparing. liberally educated scientists and engineers
for responsible leadership in modern society."

cleat

Centennial

Convocation

ROBERT C. BECHERER
President
Link-Belt Company
Robert C. Becherer, president of
Link-Belt Company since 1952, was
chairman of the board on April 1,
1965.
Mr. Becherer has been associated
with Link-Belt since his graduation
from Purdue University in 1923.
He started his career with the company in the maintenance department of the Ewart Plant in Indianapolis. Culminating successive promotions, he was appointed general
manager of the Ewart Plant in 1949.
Two years later he was elected vice
president and then executive vice
president of the company, and in
1952 he was elected president and
director.
Mr. Becherer received the honorary degree of Doctor of Engineering from Purdue University in 1955.
He is a director of the Continental
Illinois National Bank and Trust
Company of Chicago, the Illinois
Manufacturers' Association and the
Economic Club of Chicago. He is a
trustee and member of the executive committee of the Illinois Institute of Technology. He is also a
member of the executive committee
of the Machinery and Allied Products Institute and of the citizens'
committee of the University of Illinois. He is a member of the Chicago
Club, University Club of Chicago,
Mid-America Club and Westmoreland Country Club, Delta Tau
Delta fraternity and Mystic Tie
Lodge, A.F. and A.M. He is also a
member of the honorary fraternities
of Tau Beta Pi (engineering) and
Phi Lambda Upsilon.

LUTHER L. TERRY
u. S. Surgeon General
Dr. Luther L. Terry is Surgeon
General of the Public Health Service, the principal Federal agency
concerned with the health of the
American people. Dr. Terry is a
native of Red Level, Alabama where
his father was a general practitioner
of medicine. He received his B.S.
degree from Birmingham-Southern

College 1931 and his M.D. degree
from Tulane University in 1935.
Following his medical school graduation Dr. Terry interned at Hillman Hospital, Birmingham, Alabama. In subsequent years he received residency training at the
University Hospitals and at the City
Hospital in Cleveland, Ohio. He
then held faculty appointments at
Washington
University Medical
School, St. Louis, and the University of Texas, Medical Branch,
Galveston.
Dr. Terry entered the Public
Health Service in September 1942
and was assigned to the PHS Hospital, Baltimore, where he remained
until 1953. During this assignment
he was Chief of the Medical Service
for ten years and established the
first medical residency training program in the Service. He also established a special unit for research
and training in cardiovascular disease which later became a part of
the National Heart Institute. He was
also on the faculty of the Johns Hopkins University Medical School.
From 1950 to 1953 Dr. Terry
served in a dual capacity as Chief of
the Medical Service of the Baltimore
Hospital and Chief of the Laborapartmental Therapeutics of the Napartmental Therapautics of the National Heart Institute. With the
opening of the Clinical Center, NHI,
in 1953, he moved to Bethesda,
Maryland, in the latter capacity. For
the next few years he was active
in clinical research in the Heart Institute working largely with the
evaluation of new drugs in heart
disease and studies in hypertension.
He also served as Clinical Director
of NHI and was in charge of the
residency training program. He was
Chairman for two years and a member of the Medical Board of the
Clinical Center for five years.
In 1958 Dr. Terry was appointed
Assistant Director of the National
Heart Institute where he continued
his clinical studies in addition to his
administrative responsibilities.
President Kennedy named him
Surgeon General in 1961.

Throughout his professional career
he has been deeply interested in
teaching and research and has been
a consultant on many programs,
both inside and outside the Public
Health Service. He is the author
and coauthor of numerous publications in the medical and scientific
fields.
He is a Governor of the American
College of Physicians, a diplomate
of the American Board of Internal
Medicine, a member of American
Medical Association, the American
Heart Association, the American
Public Health Association, the
American Hospital Association, National Board of Medical Examiners,
Advisory Boards of Leonard Wood
Memorial, American Social Health
Association, Institute of Nutrition
Sciences of Columbia University,
Harvard University School of Public Health, Johns Hopkins University School of Hygiene and Public
Health, the American Museum of
Health of the New York Academy
of Medicine and of the Cleveland
Health Museum. He is a member of
the National Council of the Boy
Scouts of America. He is a member
of Pi Kappa Alpha and Alpha Kappa
Kappa Fraternity and the honorary
society of Omicron Delta Kappa. He
has been made an Honorary Fellow
of the Royal Society of Health (England), American College of Dentists,
American Hospital Association,
American College of Hospital Administrators, and National Association of Sanitarians. In 1964 he received a special citation from the
American Cancer Society.
He served as Chief of the U.S.
Delegation to the World Health Assemblies in Geneva, Switzerland in
1962, 1963, and 1964.
Dr. and Mrs. Terry (the former
7

Beryl Janet Reynolds) reside in
Rockville, Maryland, where both are
active in civic affairs. The Terrys
have three children; Janet Reynolds
Terry, who is a student at Vanderbilt University; Luther L. Terry, Jr.,
at Trinity College, Hartford, Connecticut, and Michael D. Terry at
Deerfield Academy.
FABIAN BACHRACH

J. C. DONNELL II
President
Marathon Oi/ Company
J. C. Donnell II, president and a
director of Marathon Oil Company,
was born in Findlay, Ohio. He attended the Findlay Public schools
and was graduated from Princeton
University in 1932, majoring in
geology.
Mr. Donnell began his career with
Marathon in 1920 as a summer employee, and upon his graduation
from Princeton, began his permanent employment with the company
in charge of crude oil sales.
He was elected to the board of
directors on May 28, 1936, and became a vice president May 27, 1937.
He was elected president of Marathon on May 27, 1948, succeeding
his father, the late O. D. Donnell.
Mr. Donnell is chairman of the
Board and a director of the Mountain Fuel Supply Company, and a
director of Armco Steel Corporation,
First National Bank of Findlay, and
the National Bank of Cleveland.
In 1945 he was elected to the
board of directors of the American
Petroleum Institute, and in 1948, to
its executive committee. He served
for two years, from 1951 through
1952, as the Institute's vice president
for production and is a member of
several of the Institute's committees.
He is a vice chairman of the National Petroleum Council, a member
of the National Industrial Conference Board and a number of oil and
gas associations.
Active in civic affairs, Mr. Donnell is a trustee of Bowling Green
State University in Ohio and is
prominent in the Young Men's
Christian Association. At nresent,
he is a vice president of the
Y.M.C.A. World Alliance and a
8

member of the Association's National Council of the United States,
which he served for two years as
president.
Mr. Donnell is a member of the
Phi Beta Kappa and Sigma Xi honorary fraternities.

ELVIS J. STAHR
President
Indiana University
Dr. Elvis J. Stahr, 12th president
of Indiana University, is an educator, lawyer and public administrator. At Indiana, in addition to the
presidency, he holds the title of professor in the School of Law and is
chairman of the board of the Indiana
University Foundation.
A native of Kentucky, President
Stahr graduated from the University of Kentucky with high honors
and a Phi Beta Kappa key, going on
to Oxford University to study law
as a Rhodes Scholar. He interrupted law practice in New York City to

serve as an infantry officer throughout World War II, rising to the rank
of lieutenant colonel. He was overseas 26 months and received several
decorations.
Dr. Stahr was made dean of the
University of Kentucky College of
Law in 1948 and the same year was
named one of the "Ten Outstanding
Young Men of America" by the
United States Junior Chamber of
Commerce. In 1954 he became Pro-

vost of Ke.nt-acky. During this period he was twice on leave from Kentucky for civilian service in importtant posts in the Department of the
Army. In 1956 he was appointed
executive director of President Eisenhower's Committee on Education
Beyond the High School.
The University of Pittsburgh in
1957 named him Vice Chancellor; in
January, 1959, he became president
of West Virginia University, serving
until January, 1961, when he was
selected by the late President Kennedy as Secretary of the Army, resigining that post to become Indiana
University's president July 1, 1962.
Since becoming president of the
University, Dr. Stahr has assumed
numerous important responsibilities
in educational organizations at the
state, regional, and national levels.
Currently, those include service as
president of the Indiana Conference
of Higher Education and member of
the Board of Governors of the James
Whitcomb Riley Memorial Association, as president of the Midwest
Universities Research Association,
and as chairman of the American
Council on Education Special Committee on Equality of Educational
Opportunity. Dr. Stahr serves also
on the executive committee of the
National Association of State Universities and Land-Grant Colleges
and on the Association's Committee
on National Defense and of the executive committee of the State Universities Association. He is a member of the Science-Engineering Advisory Committee to the House of
Representatives Select Committee
on Government Research, and is
vice-chairman, Council of Midwest
Universities Consortium for International Activities.
President Stahr and Mrs. Stahr,
the former Dorothy Howland Berkfield of New York City, are the
parents of two sons and a daughter.
Dr. Stahr has served as both deacon and elder of the Disciples of
Christ Church, of which he is a
member, and presently is an elder
of the First Christian Church of
Bloomington.

JAMES E. WEBB
Director
National Aeronautics
and
Space Administration
President Kennedy appointed
James Edwin Webb Administrator
of the National Aeronautics and
Space Administration on Feb. 14,
1961.
Mr. Webb is a Member of the
Federal Council for Science and
Technology, the President's Committee on Equal Opportunity, and the
National Aeronautics and Space
Council, and is Chairman of the Distinguished Civilian Service Awards
Board.
Born Oct. 7, 1906, in Granville
County, N. C., Mr. Webb graduated
in 1928 from the University of North
Carolina with a bachelor's degree in
education. Later, he studied law at
Washington
George
University,
Washington, D.C., and was admitted
to the District of Columbia bar is
1936.
In the early 1930's, Mr. Webb became a U.S. Marine Corps Reserve
Officer and pilot, and he currently
holds a commission as a Lieutenant
Colonel in the Marine Corps Reserve.
In 1936, he joined Sperry Gyroscope, serving for seven years as
Personnel Director, Assistant to the
President, Secretary and Treasurer,
and Vice President.
Mr. Webb became an Assistant to
the Under Secretary of the Treasury in 1946. Later that year, President Truman appointed him Director of the Bureau of the Budget, a
position he held for three years.
From 1949 to 1952, Mr. Webb served
as Under Secretary of State in the
Truman administration. From 1953
to 1958, Mr. Webb served as President of the Republic Supply Co. and
became Chairman of the Board in
1958. Between 1952 and 1959, he
engaged in a number of business activities, including banking, law, and
the manufacturing of aircraft and
accessories and oil equipment and
supplies.

He is a former Director of the
Bureau of the Budget and a Sperry
Gyroscope Co., Chairman of the
Board of Directors of the Republic
Supply Co., a Director of KerrMcGee Oil Industries, Inc. and a
Director of the McDonnell Aircraft
Co.
In 1959, Mr. Webb reduced his activity in business and returned to
Washington, where until his appointment in NASA, he devoted
much of his time to public service.
Mr. Webb lives at 2800 36th St.,
NW, Washington, D.C., with his
wife, son James Edwin, Jr., and
daughter Sara Gorham Webb.

J. C. WARNER
Past President
Case Institute of Technology

John Christian Warner was born
in Goshen, Indiana, May 28, 1987,
son of Elias and Addie (Plank)
Warner. He was graduated A.B. in
1919, A.M. in 1920, and Ph.D. in
1923 at Indiana University, and in
1933 he attended the University of
Michigan for post-doctorate study in
theoretical physics.
Warner began his career as a
chemist in 1918 with the Barrett
Company, Philadelphia, Pennsylvania, returning to the University dur-

ing 1919-20 to complete his undergraduate work and earn a Master's
degree. In 1920 he joined the Cosden Oil Company, Tulsa, Oklahoma,
as a research chemist. In 1921 he
again returned to the University as
a gradute student (1921-23); as instructor in Chemistry (1922-24).
During 1924-26 he was a research
chemist for the Wayne Chemicals
Corporation, Fort Wayne, Indiana.
He returned to his educational
career as an instructor in chemistry
at Carnegie Institute of Technology
in 1926 and subsequently served as
an assistant professor of chemistry
during 1928-33, associate professor of
theoretical chemistry in 1933-36,
associate professor of metallurgy
during 1936-38, and professor of
chemistry and head of the department from 1938 until 1949. Moreover, he served as dean of graduate
studies during 1945-50 and was appointed vice president and president
elect in 1949. In 1950 he became
president of the Institute, in which
capacity he continued until his retirement, Feb. 1, 1965.
In addition to his educational responsibilities, Dr. Warner has taken
an active interest in civic, business,
and professional society affairs. He
has been a director of Jones &
Laughlin Steel Corporation, Pittsburgh, Pennsylvania, since 1951; a
director of Dravo Corporation since
April 27, 1961; and a director of the
Pittsburgh Branch, Federal Reserve Bank of Cleveland 1954-60
(Chairman, 1957-60), and, since his
retirement, chairman of the board of
Nuclear Science and Engineering
Corp.; board member of Pittsburgh
Plate Glass Co., and Eriez Magnetics; a member of the Advisory
Committee, Oakland Branch of the
Mellon National Bank and Trust
Company (1950-); a Sponsor of the
Allegheny Conference on Community Development; a member of the
Pennsylvania State Planning Board
and a member of the Governor's
Council of Science and Technology;
a director of the Regional Industrial
Development Corporation, the Oakland Corporation, the M.P.C. Corporation and the Pittsburgh Sym9

phony Society. He is a trustee of
Carnegie Institute of Technology, the
Carnegie Institute, the Mellon Institute, Shady Side Academy, and
the Pittsburgh Playhouse (Chairman, 1958).
During World War II (1943-45),
Dr. Warner was on leave from Carnegie Tech to the Manhattan Project
where he supervised research on the
chemistry and metallurgy of plutonium. He has served as a member
of the General Advisory Committee
to the U.S. Atomic Energy Commission (1952-), and is a member of the
Policy Advisory Board of the Argonne National Laboratory. In 1958
he attended the Second U. N. International Conference on Peaceful
Uses of Atomic Energy, Geneva,
Switzerland, as a technical consultant to the U. S. delegation.
On invitation of the Tata Iron and
Steel Company, Ltd., he delivered
the Perin Memorial Lectures in
Jamshedpur, India, and addressed
the Indian Science Congress in Calcutta, India, in December 1951 and
January 1952. At the request of the
Ford Foundation and the Government of Pakistan he served as consultant to the Pakistan Commission
on National Education in the spring
of 1959. In the summer of 1963 he
served as a member of the International Commission of Experts advisory to a UNESCO-IAU study of
higher education in Southeast Asio.
Dr. Warner holds membership in
the following fraternities and clubs:
Delta Upsilos, Phi Beta Kappa, Sigma Xi, Tau Beta Pi, Phi Kappa Phi,
Alpha Chi Sigma, Phi Mu, Alpha
Phi Omega, University Club (Pgh.),
Duquesne Club (Pgh.), Rolling
Rock Club (Ligonier, Pa.), and Cosmos Club (Washington, D. C.).
Politically he is an Independent
Republican. His recreational interests include music, theatre, and vacations on the Maine Coast.
He was married in Huntington,
Indiana, June 17, 1925, to Louise L.
Hamer, a daughter of William Hamer of that place, a lawyer. Dr.
Warner is the father of two sons,
William Hamer and Thomas Payton.
September, 1963.
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On Parent's Day, May 1, the Rose
Drama Club will present two performances (at 1: 30 and 8:00 p.m.)
of Inherit the Wind by Jerome Lawerence and Robert E. Lee. The play
will also be presented in the Rose
Auditorium on April 23 and 24 (at
8:00 p.m.) for the students of Rose
and I.S.U. and for the residents of
the Terre Haute area. All seats are
reserved and tickets ($1.00) may be
obtained at the I.S.U. Bookstore,
Viquesney's — 644 Wabash, or by
writing or calling Rose Poly.
Inherit the Wind is one of the
most powerful contemporary drama.
It is based on the famous Scopes
"Monkey" Trial in which freedom of
speech and academic freedom were
put on trial. In an emotion packed
courtroom in Tennessee, America's
foremost trial lawyer, Clarence Darrow (Prof. Gordon K. Haist), faced
one of America's greatest orators
and three times presidential candidate, William Jennings Bryan (Dr.
William C. Young). Other members
of the cast include: Bruce LeRoy as
E. K. Hornbeck, the brilliant journalist from Baltimore; Reid Sonner as
Bertram Cates, the defendant; Susan Thom as Rachel Brown; Lee
Peters as the Judge; Susan Samples
as Mrs. Bryan; Redick Horton as the
Rev. Jeremiah Brown; and Dave

Gissel as Tom Davenport, the assistant prosecuting attorney. Dr.
William C. Young is Director and
faculty advisor of the Rose Drama
Club, school chaplain, and associate
Jim
professor of Humanities.
Smotherman is assistant director,
Dexter Hill is Technical Director,
and Randall Drew is Business
Manager.
The Drama Club is now busy
planning a full season of entertainment for next year. The three plays
to be presented next year are The
Waltz of the Toreadors by Jean
Anouilh, Sumnier and Smoke by
Tennessee Williams, and Fanny, a
musical based on Marcel Pagnors
Marseilles Trilogy. As an extra
service to our patrons, we are making available for next year season
tickets. We hope that you will try
to see these three great plays.
The aim of the Rose Drama Club
is basically educational. It plans to
present plays of special merit for
an academic community. It also provides another opportunity for students to participate in extra-curricular activities. It is hoped that you
will endeavor to see our productions
and support and encourage these
. efforts to broaden
students in their
the base of their education.

PROGRAM FOR THE GREAT CENTENNIAL CONVOCATION
Friday, April 30th

Saturday, May 1st

7:30 p.m. Symposium : "Speaking
in Tones Many
Generations Will
Hear"

10:00 a.m. Adjutant's Call for
President's Military
Review
11 :00 a.m. Convocation: "Speaking in Tones Many
Generations Will
Hear"

i Speakers:
John C. Warner

Speakers:

Luther L. Terry
James E. Webb

Robert C. Becherer
Elvis J. Stahr
James C. Donnell II

3:00 p.m. Student Play:
"Inherit The Wind"
Eveniiig Performance
8 o'clock

Today's engineers shape tomorrow's future—all over the world
YOUR FUTURE, as well, is of great interest to United
States Rubber. With our record of steady growth and con-

tinuing diversification, we have a constant need for qualified
engineers and the opportunities we offer are most rewarding.
Our engineering service organizations provide consulting specialists and civil, electrical, mechanical and industrial engineering services to R & D laboratories and to our manufacturing
plants as well as to our foreign and domestic subsidiaries.
Personnel are selected from both within and outside the company to provide an organization with a diversity of specialized knowledge. This knowledge covers modern scientific
and engineering techniques in the construction and installation of new facilities and the modernization of old.

Timely, efficient problem service, facility planning assistance
and design services for U.S. Rubber laboratories and plants
throughout the world are the goals of service and plant engineering. You would be part of a coordinated team of specialists operating in such areas as:
• Power services and utilities
• Electrical distribution equipment and controls
• Stress analysis, structural design and building construction
• Industrial heating and air conditioning
• Process design and design and layout of process equipment
• Heavy machinery design and installation

UNITED STATES RUBBER

1230 Avenue of the Americas, New York 20, N.Y.

An Equal Opportunity Employer
THE FIELD IS WIDE "U.S." offers a comprehensive variety of career opportunities to those with degrees in Physics, Mathematics

and Chemistry as well as to Chemical, Mechanical, Industrial and Textile Engineers. Contact your placement office to determine when
a U.S. Rubber recruiter will visit your campus. Before you decide on your first job, have a talk with him.

Jim Copeland comes to Rose from
Fern Creek, Kentucky. He is a senior
physics major. His activities include
Alpha Tau Omega and Tau Beta Pi
Fraternities. He was editor of the last
edition of the Student Handbook.

While special relativity theory has
enjoyed many experimental verifications since its birth, the general
theory has had fewer successes, and
remains largely unconfirmed. This
is due primarily to the nature of the
theory itself, its complex mathematical predictions differing only slightly from those of the restricted theory
in the realm of the physically observables. Experimental tests of the
theory are difficult to perform and
require extreme degrees of precision. Even then, it is often impossible to correctly interpret the
results in terms of which of many
proposed explanations they uphold.
At present, there are three phenomena which are sometimes considered to verify the general theory,
these being the advance of the perihelion of Mercury, gravitational deflection of photons, and gravitational
frequency shift of light. The first
two of these are in good experimental agreement with general relativity, while the third is currently
disputed.
The situation has been complicated by the derivation of gravitational red shift equations without
recourse to general relativity, and
by the inherent uncertainty of the
astronomical data necessary to confirm or deny predictions. Further
complicating the picture is the Dop12
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pler effect of special relativity,
where stellar velocities of recession
also produce an observed redshift.
The question has then become one
of the validity of the theoretical
predictions, largely based on mathematical analysis of relativistic and
non-relativistic equations, so that
the precision needed for astronomical data can be determined.
Einstein was the first to draw attention to gravitational red shift as
a means of confirming his general
theory. In 1905 he elaborated on the
relation of intertial mass to energy,
a consequence of special relativity,
and in 1907 he introduced the question of gravitational influence on the
propagation of light. He returned to
these topics in 1911 because "my
previous presentation of the subject does not satisfy me, and . . . I
now see that one of the most important consequences of my former
treatment is capable of being tested
experimentally."
His first regard is to the equivalence of inertial and gravitational
mass, which follows directly from
the principle of equivalence of gravitational and uniformly accelerated
systems. This exact physical equivalence "with respect to all physical
processes" implies "entire agreement" of the laws of nature in the
two systems. Without an increase in

by
James L.
Copeland

gravitating mass for a corresponding
increase in inertial mass, a uniform
gravitational field would produce
non-uniform acceleration. From this
standpoint, the gravitation of energy
is a substantial argument for the
principle of equivalence, if it cannot
be deduced from any other source.
S_nce the advent of quantum mechanics, where an effective mass is
ascribed to the photon, many "Newtonian derivations use the concepts
of inertial and gravitational mass
interchangably. Einstein points out,
however, that even special relativity
provides no argument for this.
Showing that the principle of
equivalence implies gravitational
mass increases with an increase of
energy is simple. If a quantity of
energy E is added to an inertial mass
in an accelerated inertial system,
then special relativity gives an increase E/c2 in inertial mass. By
equivalence, a corresponding gravitational mass and system would
show an increase of E/c2 in gravitating mass for the same energy increase E.
Similarly, use of the Doppler effect with equivalence gives a simple
expression for gravitational red
shift. Consider a uniformly accelerated system S in which two points,
fixed with respect to S, lie along an
axis parallel to the direction of

Gravitational

RED 511•HIIIFIT
motion. If radiation of frequency f
is instantaneously emitted from one
of the points toward the other, then
the latter point at which the radiation arrives will have increased its
velocity by gh/c, where g is the
acceleration, h is the distance between the two points, and c is the
velocity of the radiation; to a first
order approximation. From the Doppler effect, the frequency measured
at the point of arrival, f', will be given by
f'
f(1 + gh/c2)
to a first approximation.
Applying equivalence, this same
equation must hold if now the system S' is placed in a uniform gravitational field, stationary with respect
to S. Replacing gh by the gravitational potential G,
f' — f(1 + G/c2) . . .
Approximately, then,
(f — f')/f — — G/c2.
This expression gives the frequency
shift, neglecting special relativistic
effects.
Thus light traveling to the Earth
from a star is displaced toward the
red, since its frequency decreases,
where G is the (negative) gravitational potential difference between
the star and the Earth. (G is negative with respect to gh.) For the
Sun, the shift is about 2 x 10-".

In the early years of the general
theory, many attempts to detect this
shift were made. Einstein stimulated
the search by assuming absolute
confidence that the shift was there,
expressing the opinion that should it
not, the whole theory should be
abandoned. But many complications
were encountered, particularly with
solar red shift. Einstein himself, in
1911, recognized the difficulties:
If the conditions under which
the solar bands arise were exactly known, this shifting would
be susceptible of measurement.
But as other influences (pressure, temperature) affect the
position of the centres of the
spectral lines, it is difficult to
discover whether the inferred
influence of the gravitational potential really exists.
There was generally much confusion
with measurement techniques and
correction factors, but by 1923 there
was fair agreement with relativity
theory, and Einstein stated that he
expected confirmation within a year.
The discussion surrounding the
red shift and its implications was
not restricted to experimental results, however. For one thing, verification hinged also on the atom as
a natural ideal clock. The frequency
shift, according to the general theory,
is a result of the influence of gravitation on clocks. Thus, in measuring
the shift, a lower frequency (red

shift) implies fewer vibrations per
unit time. This means that the clock
at the point of absorption is running
fast relative to the one at the point
of emission. In reverse, a clock in
the presence of a gravitational field
runs more slowly than one in the
absence of a field, by a factor of
G/c2. This assumes, of course, that
the number of vibrations is independent of absolute value of time.
Use of atomic clocks, therefore,
depends upon their suitability as
natural clocks. In other words, the
proper times of their vibration
periods must be invariant for atoms
of the same kind (proper time is
given by ds/c, where ds is the line
element or invariant metric). Silberstein mentions that "the invariability of an atomic s—period of vibration in a gravitational field can,
with the aid of the equivalence hypothesis, be reduced to its invariability while the atom is being
moved about," and it is exactly this
theoretical result which leads to the
prediction of the transverse Doppler
effect in special relativity. It was
thought that confirmation of this
effect would strengthen the view of
the atom as a natural clock, and recently there has been an excellent
experimental verification.
(Continued on page 26)
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TAU BETA PI PLEDGE ESSAY

SCIENCE IS
NO GOD
By JIM L. BROWN
Jim Brown is a senior E.E. who
commutes from Farmersburg. He is
a member of the Fall, 1964 pledge
class of Tau Beta Pi.

In the way of an introduction to always better to know if the answer
this paper (although it will not be to the question is attainable before
formally designated as such) I one starts blindly searching for a
would like to say that I have come solution. Let us then explore the
into close contact with people who question of whether or not it is ever
are concerned with science and the possible to answer the question
scientific method only within the "Why?".
last four years, and that I had no
At this point the reader may feel
particular interest in scientific pur- it is a bit absurd to pursue this line
suits prior to this time. It would since he may feel that it is of course
serve no purpose to list the reasons possible to anwer the "why" of simfor my choice of engineering as a ple questions. Take the example of
career here. I mention the above a glass being pushed across a table.
facts only to convey to the reader If one were to ask why the glass
something of my background so that moved, the answer given by most
he may better judge the prejudice would be that the glass moved beof my opinions. I do feel, however, cause the hand pushed it. Perhaps
that this background enables me to this would satisfy the curiosity of
be more objective in writing about the questioner but it does not really
science than one has had a close answer the question in its greater
contact with it for many years.
sense. For it must then be asked
One of the things which supposed- what caused the hand to move. We
ly separates the scientist from other may have to go to a scientist to find
men is his great curiosity. The sci- the answer to this one. If we do the
entist is continually asking "Why?". answer given would most likely be
It seems logical to expect that if the a detailed explanation of how elecscientist is indeed asking this ques- trical impulses from the brain comtion then he must also surely be bine with chemical reactions in the
seeking its answer. However, it is muscles to cause the hand to move.
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This would in turn lead to further
questions concerning why the muscles react and why the brain emits
electrical signals. In the end this
train of questions must lead to this
last one: Why does man exist?
It has been my experience that
most scientists would answer this
last question by saying: "We don't
yet know the answer, but we are
working on it". Perhaps this is too
harsh an indictment of scientists.
Let it be said instead that there
seems to be a feeling among men
that science might lead us to the
answer and that the scientific
method might eventually unearth
"Truth". In short they feel that if
the secrets of the universe are ever
to be known the knowledge will
come through the use of the scientific method.
To explore this last statement, let
us say that the scientific method be
based on reason. Reason, in the
sense meant here, is based on intuition and exerience. The scientific
method can therefore only be ap(Continued on page 23)

Tom Huck sought scientific excitement

He's finding it at Western Electric
Ohio University conferred a B.S.E.E. degree on C. T.
Huck in 1956. Tom knew of Western Electric's history
of manufacturing development. He realized, too, that
our personnel development program was expanding
to meet tomorrow's demands.
After graduation, Tom immediately began to work
on the development of electronic switching systems.
Then, in 1958, Tom went to Bell Telephone Laboratories on a temporary assignment to help in the
advancement of our national military capabilities. At
their Whippany, New Jersey, labs, Tom worked with
the Western Electric development team on computer
circuitry for the Nike Zeus guidance system. Tom then
moved on to a new assignment at Western Electric's
Columbus, Ohio, Works. There, Tom is working on the
development of testing circuitry for the memory phase

Western Electric MANUFACTURING

of electronic switching systems.
This constant challenge of the totally new, combined with advanced training and education opportunities, make a Western Electric career enjoyable,
stimulating and fruitful. Thousands of young men will
realize this in the next few years. How about you?
If responsibility and the challenge of the future
appeal to you, and you have the qualifications we are
looking for, talk with us. Opportunities for fast-moving
careers exist now for electrical, mechanical and industrial engineers, and also for physical science,
liberal arts and business majors. For more detailed
information, get your copy of the Western Electric
Career Opportunities booklet from your Placement
Officer. And be sure to arrange for an interview when
the Bell System recruiting team visits your campus.

AND SUPPLY UNIT OF THE BELL SYSTEM

AN EQUAL OPPORTUNITY EMPLOYER

Principal manufacturing locations in 13 cities 0 Operating centers in many of these same cities plus 36 others throughout the U.S.
Engineering Research Center, Princeton, N. J. 0 Teletype Corp., Skokie, Ill., Little Rock, Ark. 0 General Headquarters, New York City
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MISS
LINDA
COOK

A sure cure for that spring fever is a smile from
April's Miss Technic, Linda Cook. A local girl, Linda
is a freshman English major at ISU. Her activities
include Delta Gamma Sorority, the Statesman, the
Dolphin Club, and (yep-) cheerleader for Rose basketball games. A few statistics: 5'4", 118#, (now
what were those other numbers — 6-5-65 — that's
some date!)
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Maitafrt

by
Earl E.
Creekmore

Materna
aid ealefricia4

Earl Creekmore is a senior math
major from Hammond.
Geographically, the Mayan Indians numerals. Head-variants are a set of simal except in one instance, the
inhabited Guatemala and the Yuca- symbols, looking like heads, which third order is 18 times the second
tan area of Mexico. The Mayans are were used to represent the numbers order instead of 20 times. In other
an almost timeless people. Their from 1 to 13, and zero. In the second words, the first unit of the third
work, pottery and other artifacts, system, a dot . has a value of one order is 360, 20 x 18, which is closer
can be dated from 1500 BC. Direct and a bar — has a value of five. to the number of days in a year than
descendents still live in the same Most surprising is the development 20 x 20. There are nine orders of
area today, although they have no of a zero. An abstract concept of time periods, beginning with the
recollection of their ancestors, ex- zero is considered a major intellec- naturally basic unit of one day, or
cept for various customs which have tual achievement, and here the May- one kins.
an Indians had developed a symbol
20 kins = 1 uinal, or 20 days
been warped with time.
18 uinals = 1 tun, or 360 days
The height of ancient Mayan pro- for zero several centuries before the
20 tuns = 1 katun, 7,200 days
ductivity was during the so-called Hindus, from whose symbol (a dot)
20 katuns = 1 baktun, or 144,000
"Classic Stage," which covered the the zero of our mathematical sysdays
interval 317 AD to 899 AD. After tem developed. The Mayan zero was
20
baktuns
= 1 pictun, or
899 AD, the Mayana were invaded represented by a shell. With these
2,880,000 days
first by the Toltecs from central three symbols can be written the
20 pictuns = 1 calabtun, or
Mexico about 1100 AD and then by numbers from 0 to 19.
57,600,000 days
Since the Mayan system is vigethe Spaniards about 1500 AD.
20 calabtuns = 1 kinchiltun, or
The "cities" built were actually simal, the base is 20, there must be
1,152,000,000 days
religious centers and were not in- some way of representing numbers
20 kinchiltuns = 1 alautun, or
of the next order. To do this the
habited as are cities today.
23,040,000,000 days
The Mayans were very religious Mayans made another important adActually, the Mayans had two difand insisted that each god be ap- vance, the use of local value of a
peased at exactly the right moment. number, or positional value. Posi- ferent calendars which, nevertheThis led to the development of one tional value increases from bottom less, ran concurrently. One is the
of the most accurate calendars ever to top, just as ours increases from 365 day civil calendar, or, as they
right to left. Thus the number twen- called it, the haab. It had 19 months,
invented.
To study their calendar, something ty is represented by a dot over a 18 of which had 20 days, and the
must be known about the Mayan shell, meaning zero units of the first other, the last month of the year,
system of mathematics. Graphically, order and one unit of the second having 5 days. The last month was
considered very unlucky, and one
or pictorially, two ways of writing order.
had to watch himself and be carea number were used: (1) head-variThirty-six is, therefore,
ant numerals and (2) bar-and-dot In coming time, the system is vige- ful to please all the gods so that he
18

might see the new year. Names of
the 19 months are given below.
Pop
Uo
Zip
Zotz
Tzec
Xul
Yaxkin
Mol
Chen
Yax

Zac
Ceh
Mac
Kankin
Maun
Pax
Kayab
Cumhu
Uayeb

A point worth noting is that in
this civil year time is recorded as
past time, rather than current time
as in our system. In other words,
the beginning day of the new year
is 0 Pop instead of 1 Pop. (This beginning day to us is obviously January 1.)
The other calendar used by the
Mayans is the calendar for the
sacred, or religious, year, called the
tzolkin or "count of days." This
year had 260 days. Since religious
ceremonies were performed according to the tzolkin, this calendar was
much more important to the Mayans
than the civil calendar. Birthdays
were also regarded according to the
tzolkin. There were no months in
this year, but a succession of 260
days, each designated by prefixing
a number from 1 to 13 to one of 20
different day names. There are then
260 diferent combinatioins of numbers and day names. The different
day names are,
Ik
Akbal
Kan
Chicchan
Cimi
Manik
Lamat
Muluc
Oc
Chuen

Eb
Ben
Ix
Men
Cib
Caban
Eznab
Cauac
Ahau
Imix

Now, as was mentioned earlier,
the two calendars marked time concurrently. Only days in four of the
months could ever appear in the
first position of the haab, that is,
there are 4 x 13 = 52 days which
could possibly fall on the first of

the year. Remember, these are days
of the tzolkin. Therefore, after 52
years, or 18,980 days, two days of
the civil and sacred year are again
in conjunction. This is known as
the Calendar Round. If one year
would start with 2 Manik 0 Pop
(note the simultaneous designation
of a day with sacred and civil
names) the second year would start
with 3 Eb 0 Pop and so on through
the other 50 days until we again
start off a new year with 2 Manik 0
Pop, 52 years after the first one.

the Initial Series date fell, and (3)
the position of the current lunar
half-year period.
The coupling of the Initial Series
with the Supplementary Series gave
a date that could not occur exactly
until a cycle of 374,440 years had
passed —quite an accomplishment

Also, in addition to the Initial and
Supplementary Series, the Mayans
had what is called the Secondary
Series, or Calendar Correction
Formula. The Secondary Series took
care of the quarter day gain for the
There must be something from
true year over the calendar year of
which to start counting time. Usu365 days. In other words, the Secally this point is a specific historic
ondary Series does what our leap
event or a hypothetical event. The
February does. ActualMayan zero date is 4 Ahau 8 Cumhu. year day in
ly,
calendar year was not
civil
the
No one knows what happened on
any
way, but when a
in
changed
that date, so it is probably some
this correcterected,
monument
was
hypothetical event. On each monument erected, the Mayans placed the ing factor was put on the monument
date of completion. This is in the to show the exact, true date of comform of a series of glyphs. The first pletion. Without this correction, the
five glyphs are the number of bak- calendar would have become useless
tuns, katuns, tuns, uinals, and kins for agricultural purposes.
(in that order) which have elapsed
We have seen that the Mayans
from the starting point of their realized the difference between their
chronolgy. These glyphs are part of civil year and the true solar year.
the so-called Initial Series. Just as The solar correction they worked
we would write the date 1956 A.D to out is actually more accurate than
mean that 1 period of one thousand the leap year correction used in our
years, 9 periods of one hundred Gregorian calendar. According to
years, 5 periods of ten years, and 6 modern measurements, the true
periods of one year have elapsed solar year requires 365.2422 days to
since the birth of Christ, the Mayans complete. By our calendar, the solar
wrote a date 9.17.0.0.0 13 Ahau 18 year is 365.2425 days long, while the
Cumhu which means that 9 periods Mayan year was 365.2420 days long.
of 144,000 days (9 baktuns), 17 periIt might be asked how the Mayans
ods of 7,200 days (17 katuns), 0
derived so much accuracy without
periods of 360 days (0 tuns), 0 periuse of instruments modern astroods of 20 days (0 uinals), and 0 perinomers have today. Crossed sticks
ods of 1 day (0 kins) have passed
were placed on top of temples, and
since their starting point of 4 Ahau
through these sticks was noted the
8 Cumhu. Note also that the tzolkin
rising or setting of a planet or star
designation of the date is also placed
in the Initial Series. In this case (including our sun) with respect to
the tzolkin date is 13 Ahau 18 some natural object located or
placed on the horizon. By keeping
Cumhu.
records, they could notice thinqs
Next in the series of glyphs on a such as lunation periods, or days in
monument is a group of six glyphs a year with accuracy up to fractions
called the Supplementary Series, or of a day. Keeping records over
Moon Count. These glyphs give in- many years, or perhaps centuries.
formation about (1) the age of the they would eventually notice cumumoon on the date recorded, (2) the lative errors due to very small fraclength of the lunar month in which tions of days or hours.
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Edited by
Tom Trueb,
Freshman

R&D
ECONOMIC BREAK-THROUGH
IN FABRICATING THIN-FILM
COMPONENTS
A new commercial thin-film deposition technique, that promises to
make microelectronic circuits economical enough for broad use in
commercial and consumer applications has been unveiled by Consolidated Vacuum Corporation.
The new Plasma-Vac system offers precision control over those factors that most directly affect yields
and costs, such as deposition rate,
thickness uniformity, and compositional control.
The traditional approach was to
heat a metal in a vacuum until it
evaporated to form the circuit. The
new method uses an ion plasma bombardment approach which causes
metal atoms to fly off a source material at 20,000 miles per hour and
to deposit on a nearby substrate.
This ion plasma bombardment method is commonly called sputtering.
The CVC Plasma-Vac basically is
a ready-made triode sputtering system by which plasma bombardment
can be automatically controlled and
the questions of deposition rate and
thickness uniformity have been relegated simply to turning dials on a
control panel and watching a clock.
The new system offers the electronics industry the first real chance
of increasing yields for microelectronic circuits to a higher level of
throughput and making them economical enough for broad uses in
conventional products, including
such entertainment applications as
radio and TV.
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pressure is raised to approximately
10-3 psia to initiate ionization. Sputtering, however, does not take place
until a third, or control, voltage is
applied to the source material.
When this negative voltage is
turned on, the positively charged
ions in the plasma are made to slam
into the source material and, with
billiard-ball effect, cause the metal
atoms to fly off — depositing on the
nearby substrate. The operator can
immediately start or stop the process by the voltage switch and thus
have precise control over the thickness of the film.
Prior to sputtering, the ions in
the plasma serve to clean the source
Beryllium-copper and aluminum
and substrate materials. A negative
conductors; silicon and germanium
voltage may also be applied directly
semiconductors; tungsten, tantalum
to a metal or semiconductor suband nichrome resistors, and permalstrate, such as a silicon wafer, so
loy inductors all may be sputtered
that the sugstrate itself can first be
directly. Tantalum nitride resistors
puttered to form the cleanest poscan be made by reactive sputtering
sible surface.
of tantalum in a nitrogen plasma.
The Plasma-Vac has two features
Tantalum oxide capacitors are fabthat contribute to improved thinricated by the sputtering of tanfilm quality and reproducibility.
talum and subsequent anodization
The voltage and current of the filaof the film. With conventional twoment and anode power supplies,
element sputtering, a cathode-anode
which control ionization, can be set
is used both form a plasma and
and read independently. The same
to cause gas ions to sputter the
is true of the voltage and current of
source material. With the Plasmathe target power supply, which conVac, however, the plasma formation
trols the actual sputtering rate.
and sputtering functions have been
Compositional control, or purity,
separated for greater control.
is improved over most evaporation
In operation, the vacuum chamber techniques because the source conis first evacuated to 10-6 psia or less sists only of the material to be deto remove residual gases and con- posited and thus cannot be contamination. A filament is brought taminated by filaments or containup to emission temperature and a ers. In the same manner, purity is
positive voltage is applied to the improved over conventional diode
anode. An ionizing gas such as sputtering because the Plasma-Vac
argon is then introduced and the operates at 50 times greater vacuum.

Film hardness and adherence are
improved because the metal or semiconductor atoms arrive at the substrate at a speed 40 times greater
than that obtained by the conventional evaporation process. In addition, the Plasma-Vac has thruhole plating capabilities where two
sources may be used simultaneously
to coat both sides of a substrate and
to connect the two circuits through
a hole as small as 1 16" in diameter.
Two or more materials may be deposited simultaneously or sequentially and the unit offers the capability of coating curved surfaces
such as cylinders.

NEW FURNACE AIDS
SPACECRAFT RESEARCH

vehicle encounters leaving or reen- trolled facilities.
tering the earth's atmosphere.
A unique feature of the furnace,
The furnace has been used recent- is that it can be preprogramed to
For $25 per "flight," aerospace ly in Air Force and company-funded duplicate the changing environments
scientists can now subject exotic research of such refractory alloys of escape or reentry flight, thus
metals to escape and reentry condi- as columbium and tantalum, often subjecting the test specimen to the
tions of space flight in ground tests called exotic metals because of their varying temperatures, pressures and
simulating experiments that would current limited use.
loads of an actual mission.
cost millions of dollars when done
The research is aimed at deterIn the furnace the material speciwith actual rockets.
mining the ideal materials for man- men can be subjected to temperaScientists at the Astronautics di- ned space vehicles of the future. tures ranging to 3,000 degrees Fahvision of General Dynamics Corp. Whereas full-scale rockets have renheit; to pressures varying from
have developed a "quartz lamp radi- been used for similar materials re- sea level to the virtual vacuum of
ation furnace" to duplicate inex- search in the past, the furnace pro- space and to stresses up to 100,000
pensively the environment a space vides more efficient and easily-con- pounds per square inch.

Space furnace — The newly developed quartz lamp radiation furnace shown here can
duplicate almost any escape or re-entry conditions which a rocket might encounter in
the earth's atmosphere. It is capable of providing temperatures up to 3,000 degrees
Fahrenheit, pressures varying from one atmosphere to 10-6 pounds per square inch,
and stresses up to 100,000 pounds per square inch.
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ON TEACHER EVALUATION
(Continued from page 5)
Faculty Evaluation Committee sitting in on a few
classes is not comparable to having a committee of
the American Medical Association present during examination of a few of a medical doctor's patients. It
would be more comparable to a lawyer taking the bar
examination.
An evaluation would only need to occur once, or at
most a few times, throughout a teacher's career at
any one school. The competent teacher should regard
its results exactly as what they are—an indication of
his capability and success as a teacher.
It would seem reasonable that those faculty members whose interest and career are in teaching would
be happy to see just standards applied by men capable
of judging wisely. The result could only mean increased prestige for those who pass inspection, and
that competence as a teacher would attain a dignity
as large as that carried by a researcher. And most
important, those to whom the teachers dedicate themselves—the students—would gain the most of all.
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DEMONSTRATIONS OF IGNORANCE
(Continued from page 5)

Store Hours: 9 a.m. to 5 p.m. Daily
Evenings by Appointment

eased the situation? Apparently not. Pickets, violence,
and murder still exist in the south. Bitterness is still
present and tension is at an all time high due to the
actions of such groups as the K. K. K. Seemingly
morals cannot be legislated.
At several points around the world there are daily
demonstrations against the United States Government.
Embassies and libraries are burned while Red Chinese,
Latin Americans and Africans throw rocks and an
occasional bomb. But even these actions do not have
as much impact on the world press as does Americans
fighting Americans.

Two Americans, one black and one white, will
fight side by side on the battlefield for their common
freedom. The same must be done at home. If our
problems cannot be solved fighting side by side there
is no chance of peaceful co-existance within our "Great
Society."
Must we fight each other at home under the eyes
of the world and provide the propaganda which will
lead to our own destruction? In thirty-five years the
population of the world will be twice what it is today.
If that alone does not frighten you consider the fact
that a majority of these new people will be illiterate,
uneducated, and totally uninformed. This will be true
especially in the already depressed nations. Such conditions will prove ideal as breeding grounds for demonstrations, large and small, unless action is taken. Let
us hope, . . . No, let us pray that we, as Americans,
can provide the education for our own and enough
other people to eliminate falsely inspired demonstrations. If we can do this the "laugh makers" will be
out of business.
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(Continued from page 14)
plied to systems that conform to
reason.
Does the existence of man conform to reason? It does not. To
illustrate this consider the paradoxes of Kant:
1. Thesis: The world must have
a beginning in time and be enclosed
within limits of space for an infinite
series can't be thought as given.
Antithesis: The world can have
no beginning and no limit for otherwise before its beginning there must
have been empty time and empty
space.
2. Thesis: Division of matter
must lead finally to that which is
absolutely simple and indivisible.
Antithesis: Everything we can
perceive or imagine is absolutely
simple and indivisible. The absolutely simple and indivisible is an
idea which can never be confirmed
by experiment.
These are all unreasonable things.
In fact they are totally unimaginable
and the mind rebels at accepting
them. Yet, the universe does exist
and man does exist in that universe.
What then is the answer? It must
be that there can be no reasonable,
logical answer. The answer is quite
unreasonable and illogical. If it is
then recognized that reason alone
cannot answer the most fundamental
of all questions should it not also be
recognized that we perhaps place too
much confidence in reason and in
turn the scientific method?
To clarify and to close, I am sure
that no intelligent person feels that
science is "almighty." However, I do
contend that too many intelligent
people place too much belief in and
emphasis upon the scientific method
as the correct way to solve any
problem. It is perhaps worthy to
compare the scientific method with
Newtonian Mechanics which can be
applied to systems with low velocity
but is not valid when the velocities
involved approach the speed of light.
The point is then, perhaps, that to
make a god of reason is as false as
making a god of a golden calf.

9ontle/u:a1
2aned

WESTERN
INDIANA'S
FINEST
BILLIARD
ROOM

400 N. 3rd
C-1319

65-142

TERRE HAUTE COCA-COLA
BOTTLING COMPANY

23

The Clock
Paradox
by Stephen W. James

Statement of the Problem: According to special relativity, if two systems S and S' are moving at constant
relative velocity V with respect to
each other, an observer at rest in
system S measures the time duration of some event taking place in S'
to be . . . T = T„/(1—V2/c2)
where T„ is the time duration an
observer at rest in S2 claims the
event has, and c is the velocity of
light. T is therefore always larger
than T„. The symmetrical nature of
the situation enables the observer in
system S' to also conclude that the
clock in system S is running slower
than his clock. The paradox is of
course that both clocks cannot real/y
be running slower than the other.
Does this describe a fallacy in relativity theory?
Discussion of Implications (The
"Twin Problem"): If a moving clock
"slows down", then biological processes and life in particular are
lengthened, i.e., last longer. Consider one of two identical twins
traveling away from the earth at a
very high velocity. Assume he travels several light years away from the
earth at this constant velocity, then
very suddenly slows do-w-n, turns
around and comes back to earth at
the same high velocity he left with.
By traveling a large enough distance,
he could make the time required to
slow down, stop, and turn around
very small compared to the total
round trip time. Upon returning to
earth, his twin brother claims he is
now younger because time passed
?,4

slower for him. However, the traveling twin uses the same argument
that no inertial system be the preferred one to claim his earthbound
brother is really the younger.
Now obviously this situation
radically contradicts our traditional
notion that time is absolute. However, history brings to mind that
there have been many instances
when a new theory contradicted
traditional beliefs and yet was soon
found to be a more precise description of reality.
Due to its far reaching implications in physics and philosophy, time
dilation has been debated since Einstein first published his special relativity theory. In the December issue
of 1956 of Scientific American appears a sample pro and con debate
concerning the twin problem: Professor of history and philosophy of
science at the University of London,
Herbert Dingle claims . . . "The
special theory of relativity is very
imperfectly understood by mathematical physicists of high distinction
. . . The question is no longer an
academic one . . . If the public is led
to believe that it is possible to postpone one's death by space travel,
some very undesirable consequences
might ensue ... Motion between two
bodies is a relation between them
and not some thing belonging to one
or the other, so that all its effects,
if any, must apply equally to both.
If, then, the two clocks in question,
which would have continued to agree
if they had not been separted, show

IWO
Steve James is a senior in mathematics. Seelyville is his home town.
He is a member of Lambda Chi
Alpha Fraternity, Tau Beta Pi, and
the Judicial Council of the student
body.
different times on reunion, something must have happened to one
which did not happen to the other,
and nothing is in question except
their relative motion. Hence they
cannot show different times on reunion."
W. H. McCrea, a mathematical
physicist and also a professor at the
University of London, cleverly dispells this argument: "There is an
absolute distinction between trayE lers and those that remain behind
on earth. The former need an engine
to carry out their motion while the
latter do not. If the rocket ship were
brought to rest too rapidly at either
End of its journey, the space traveler
would be killed, and not Professor
Dingle. Hence it can't be argued that
all effects must apply equally to
both."
Explanation of Apparent Paradox:
Keeping in mind the first hypothesis
upon which special relativity is
founded, Professor McCrea is correct in stating that all effects do not
apply equally to the twin brothers in
the twin problem. Special relativity
makes no statement whatsoever concerning time dilation when the observers are not in constant relative
motion. In the case of the twin problem, during the short time the rocket
is reversing its direction, the first
Einstein postulate is violated. Even
though this time is very small, there
still is no priori reason to assume the
Lorentz transformations for time and
space contractions are approximately
being satisfied. For example, how

can we be sure that during the deceleration and acceleration periods,
the twin on the rocket ship doesn't
age enough to make his total aging
at the end of the trip the same as
for his brother? . . . Really then
there is no paradox here as long as
we require the first Einstein postulate to be satisfied at all points of
the trip.
Did One Twin Really Age More
Than His Brother? As we have seen,
since the constant velocity hypothesis and the eventual reunion of
the twins cannot both hold, the question is not within the realm of special
relativity. However, this problem
can be analyzed using special relativity. To simplify the calculations,
assume the rocket's motion takes
place solely on the x-space axis and
that the units be selected so that the
velocity of light is 1.
In this two-dimensional Minkowski space, the element of local time
is the element of arc length . . .
ds = (dt2—dx2)
points
PI (t ,x ) and P2(t2,x,)
The
are to denote the Minkowski coordinates of the two events of the rocket
ship initially leaving the earth and
finally arriving back here after the
trip, respectively, i.e.; t2>ti.
The length of arc s connecting P,
and P2 along a typical curve x
f(t) is given by . . .
t
2
2 1/2
S
(1—r )
dt.
t
1
The clock problem now consists of
the comparison of arc length for
various paths.
The extremals of arc length, or
geodesics", are given by the solutions of the Euler equations . . .

_

d
dt

0

where 0 = (1 f')' . The solutions
are of the form . . .
f(t) = at + b,
x
1. This of course is a
=
where I a I
straight line in Minkowski space and
represents uniform motion in a
straight line in ordinary space. Since
Euler's equations are invariant un(Continued on page 30)
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Another conclusion of the gravitational theory was derived from the
slowing of clocks. The special relativistic invariance of the speed of
light had to be revised so that any
measuremvents of c in a gravitational field would produce the same
result. This requires a clock which,
when measuring time at a place
where the gravitational potential is
G relative to the coordinate origin,
G/c2) times slower than
goes (1
the clock used for measuring time
at the origin. Thus the velocity of
light is given by
G/c2). . .
c = c„(1
where c„ is the velocity at the origin.
Since the clock is affected by gravitation, and measurement in a gravitational field must produce the
value c, the velocity of light is also
affected. (This slowing down of
light in the presence of gravitation
is the basis for relativistic deflection of light.)
In the chronological development
of red shift theory there was for
some time a concentrated effort to
detect the phenomenon with reasonable agreement that the solar shift
was the most likely to furnish results. This idea was practically
given up, however, when serious
doubt was cast on the shift as means
of establishing general relativity.
There was no disagreement, in this
case, in the prediction of red shift;
but how much general relativity
theory was needed to make such a
Unfortunately, this
prediction?
seems to be the case with most of
the proposed tests of the theory,
and red shift is no exception.
Whitaker, in a history of the
theory, remarks that red shift "was
. . . explained before General Relativity was discovered, and does not,
properly speaking, constitute a test
of it in contra-distinction to other
theories." Whitaker earlier noted
that careful experimentation established the equality of inertial mass
and gravitational mass, "which indicates that the gravitationa/ properties of a body are essentially of the
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same nature as its inertia/ properties," and then attributes to Planck
the deduction that all energy, having inertial properties, must therefore gravitate. Using this conclusion,
along with the argument that a
photon of mass hf/c2 loses an amount
of energy Ghf /c2 in escaping from a
gravitational potential G, Whitaker
obtains an expression for wavelength
analogous to the first approximation
of Einstein for frequency.
Recently Gravitt and Waldow derived an equation for red shift using
energy considerations, an effective
mass for the photon, and the Newtonian gravitational equation. They
also mention several other techniques which have been used in
derivations of red shift, more or less
rigorous and containing varying
amounts of relativity theory.
Most of the derivations for the
gravitational red shift have been
generally approximations, concerned
less with rigor than with illustrating
a particular method. In a final analysis, though, rigor is most important, both from a theoretical and
mathematical standpoint. In order
for experimental results to be significant, it is necessary to know the
exact mathematical expression, not
an approximation; and, in addition,
just what hypotheses are involved.
Often the words "Newtonian" and
"relativistic" are too vague to be applied.
There are two principle red shift
equations of mathematically rigorous derivation which bring out this
point. The Schwarzschild solution of
the Einstein equations, using the line
element of a radially symmetric field,
is
f — fo = (1 — 2(GM c2R))
Expanding this, the expression for
the shift becomes
(f„ — f) if„ = (GM/c2R) —
(GM/c2R)2 /2 - .
The equation of Gravitt and Waldow is
f — f„ = exp(— GM 1c2R)
The expansion for the frequency
shift gives
(f„ — f)/f„ = — (GM ic2R)
(GM/c2R)2/2 — . . .
The latter of these equations is called

"Newtonian," but Gravitt and Waldow themselves, after giving their
hypotheses (stated above), say that
"In essence, of course, this artifice
makes use of the principle of equivalence." But O'Leary, in a more recent paper dealing with these equations, uses the phrase "a comparison
of relativistic and Newtonian treatments" in the title. Certainly there
are differences between the assumptions behind the two equations,
but they need more emphasis. Particularly, the implications of the
Newtonian hypotheses should be
carefully examined.
This onslaught of mathematics
has heightened the problems of the
experimentalist, for now it becomes
necessary to differentiate the red
shift equations by second-order
terms. Solar shift is, so far, out of
the question, so attention has turned
to the fixed stars. Perhaps fewer
complications are present besides the
Doppler effect and the uncertainty
of such astronomical measurements,
but these are enough. For stellar
lines, "white dwarfs" are preferable,
since they are believed to be composed mainly of atomic nuclei, the
atoms having lost all their electrons.
This indicates great density, and a
much larger red shift. Few have
produced any reasonable data,
though. Two such dwarfs, the binary
40 Eridani and the companion of
Sirius, have observed shifts of
7 x 10-5 and 20-27 x 10-5, respectively. Second-order terms for these
values are practically negligible, and
the verification of either of the above
equations is impossible.
Throughout the preceding discussions the small blue shift produced
by the gravitational field of the
Earth has been omitted, but this is
of little consequence compared to a
stellar field.
On the whole, about all that can
be said with certainty is that red
shift has been established. A future
verification of the Schwarzschild
equation would be an asset to
general relativity, while verification
of some Newtonian expression would
probably add to the confusion.
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library notes
by Harry C. Gilbert
Librarian

Who, without books, essays to
learn,
Draws w'ater in a leaky urn.
Austin Dobson, A Bookman's
Budget
THE TANGLED WEB,
by the Editors of the Army Times.
Robert Luce, Inc., 1963.
Since the day Greek soldiers entered Troy concealed in a wooden
horse, the clever ruse and the carefully planned hoax have been an
integral part of the conduct of war.
And such tactics as the wooden
horse have often helped to change
the course of history. This fascinating book is a collection from the
annals of modern warfare, from the
Civil War to World War II, of true
tales of deceit and derring-do.
The tales told here include the
wily Confederate leader J. B. Magruder's successful attempt to outwit General George McClellan with
an elaborate display of strength
he did not have, thus delaying for
two years the capture of Richmond;
a rare stroke of luck that enabled
an obscure American brigade commander to seize the elusive Philippine rebel leader Aguinaldo; the
plots and counterplots during the
28

Great Spy Scare of World War I,
including the story of a weird lady
doctor who made Mata Hari look
like an amateur.
The tales of the First World War
include also the incident of the "QBoats," those mysterious decoy
ships that lured German submarines
to the surface and to their destruction; a "lost" haversack whose deceptive contents changed the face of
the desert war; and the huge gun,
"Big Bertha," that terrified the citizents of Paris out of all proportion
to its destructive qualities.
World War II had its destroyers
and battleships, but it also had its
ghost ships and phantom fleets. From
this war came many stories of deception, such as "The Man Who
Never Was," a lonely body washed
up on a Spanish beach for a secret
purpose, and an account of the vast
dissembling operation employed to
convince the Germans that the invasion of Europe would noot occur
in early June on the beaches of Normandy.
The pages of The Tangled Web
are dotted with names that have
since become symbols of dark design: Heinrich Albert, Annemarie
Lesser, Count Felix von Luckner,
Quisling, Tokoyo Rose, Axis Sally,
Lord Hah-Haw, and countless others,
less well known but equally clever.
Their strange doings, colorfully re-

counted, make fascinating reading
and provide a unique introduction to
the Three R's taught in post-graduate classrooms of war: Rumor, Ruse,
and Resourcefulness.
DARE CALL IT TREASON,
by Richard M. Watt.
Simon and Schuster, 1963.
This is the story of thirty years of
treason, corruption and incompetence that reached their climax in
the great defeats and mutinies of
1917, and of the faithless men whose
personal ambitions outweighed their
patriotism and who played on the
despair of a country exhausted by
three years of brutal war and by
generations of fratricidal conflict.
Using a cast of generals — some
brilliant, like Petain, some incompetent butchers like Nivelle — and
politicians — some honest and devoted to their cause, like Clemenceau, and many linked in the chain
of espionage, defeatism, corruption
and blackmail — and, above all, the
forgotten men — the soldiers mauling each other in vast and bloody
combat for a few acres of shellpocked - gas-poisoned mud — the
author tells for the first time the
truth about the mutinies in the
French Army and the suppressions
which cut them off. Finally, he traces
the rise of two men who rose to

greatness and saved France from
collapse and defeat Georges Clemenceau and Henri Philippe Petain.
This is a book rich in historical
detail: the wishful military plans,
the dreadful reality of trench warfare, the fierce political infighting,
the secret documents that were for
so long suppressed by succeeding
French governments, the years of
governmental scandal. At a time
when the First World War is having
a new revival of interest and popularity, Dare Call It Treason is a
must.
SEEDS OF LIBERATION,
edited by Paul Goodman.
George Brazmiler, 1965.
"We need information about the
world that is practical, but what we
get is the 'news' of what happened,"
writes Paul Goodman in his introduction to this book. The news agencies "guess what is important" and
the broadcasters and magazines follow their lead, "but history goes its
way regardless. Reporters are then
hurriedly sent to the spot and the
public learns the news. It turns to

each blow after it has struck."
revolution in the technologically
The articles, the poems, the re- underdeveloped regions of Latin
portage, the personal experiences to America, Africa and Asia would not
be found in this book have to do so easily be contained in the policies
with topics that are definitely "in of the West or the USSR but must
the news," indeed are more in the become a new frontier in the world
news today than when they were
These are only a few of the topics
when they were written. Here are
some examples. "It did not generally that are very much in the news toseem, in 1956, that the para-political day whose import was seen yesterand sometimes para-legal demonstra- day by the contributors of this book:
tions of small groups could be of any Albert Camus and Martin Luther
historical importance. Especially King, for instance, Lewis Mumford,
non-violence . . . was strictly for the A. J. Muste, Gertrand Russell, BayHindoos. By 1956 there was a con- ard Rustin and Kenneth Boulding
spicuous rise of delinquency and and James Baldwin and a host of
anomie, but it was not yet fashion- others, writing of "modest Utopia"
able to point out that the economy and of war and non-violence, of
had a built-in structural defect; few colonialism and civil rights and of
noticed the hard-core poverty. And man "the measure," of alienation
in the galloping growth of the Gross and freedom and "the disease called
National Product and the drive to politics" and human rights.
an affluent standard of living, it was
This book, as the editor suggests,
s"mply 'utopian' to raise questions belongs in the "annuals of people
about the moral and psychological who put their bodies on the line for
worth of jobs and middle-class justice as they see it and try to live
schooling, or about the human use in community in a society that has
of technology. The news of the day given up on community . . . They are
did not yet take seriously that social engaged - in an impasse."
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desic and neighboring are are, respectively,

THE CLOCK
(Continued from page 25)
der the Lorentz transformations, the
concept of geodesic is absolute.
In Minkowski space, the geodesics
represent relative maxima. To show
this, let ... x = at + b be a geodesic
connecting t, and t2, so that . . .
x = f(t) + w(t) is a neighboring
arc to the geodesic on the interval
(t,, t2). The arc lengths of the geo-

t

s 2
s =
t

2 1/2
dt.
(1-r )

1

s + A =

r 2r
jt
t

Li

- (f'+w')211/2dt

1

h
MU
BARN

By the Mean Value Theorem,

106 N.7th.

[i _ (f,+w,)211/2 ..:: (i_ f2)1/2 + (_ f, )w, /(i _ f, 2)1/2

C-8409

+ (-1)wl 2/[1-(P +Ow')2i3/2 1
where 0<0<1.

Now if f(t) = at + b

and

-1<a<1,

ALSO

PIZZA HOUSE
I t2

t

-Ply' dt/(1-P 2) = -a/(1-a2) [w(t 2)-w(t 1 )] = O.

1

C-7488
rt

Therefore,

2

A s = -1/2
J t

13/2.
2
w' dt/[1-( f' +Owl )

0

1

The integrand is never negative, where the earth is not acted upon
and is 0 only when w(t) is a con- by any external forces, to a good
stant and therefore O. Thus for approximation it would hold for
t2>t,, L\ s is negative for every such a twin problem experiment.
neighboring curve. That is, the geo- This idealized case is apparently
desic x = at+b is an arc along close enough to the real situation;
which time is a relative maximum. for the time dilations in the halfIf we can assume the earth is in lifes of radioactive particles which
a space where there is no gravitation are accelerated to very high speeds
and that the earth is moving with are very nearly the same as that
constant velocity in a straight line, predicted from the theory.
then the Minkowski line is a geo- Conclusion: We have seen that the
desic. By letting P, and P2 be the clock paradox is really no paradox
two distinct points defined above, at all, but instead is some means of
any other arc connecting P, and P2 incorrectly applying special relawould be representing the time of tivity. Also the moving clock apsome traveler whose motion is ac- parently does slow down. If a very
celerated at least at one point. Since young child were to take a rocketany other arc will be shorter than ship ride to a sun or planet several
the geodesic, a twin leaving the light years away from earth at a
earth at P, would be younger than speed of very nearly c, it is quite
his twin when they again met at conceivable he could return to find
P2.
that several generations had come
Though strictly speaking this and gone on the earth yet still he
derivation holds only for the case might be a teenager! (p0Or bOy!)
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Conscience gets a lot of credit Latin went through her torrid fly?
Go buy a zipper about two yards
that belongs to cold feet.
dance routine, one remarked,
long.
"Lot's of pepper."
Man is the only animal that can
"Nice shaker too," his companNewton's tenth law — the dimbe skinned more than once.
ion added.
mer the porch light the greater
Psychologist: A man who, when
Comic strip: A burlesque queen the scandal power.
a good-looking girl enters a room, who tells jokes during her act.
watches everyone else.
Coed: "Oh professor, whatever
Imagine the little boy's embar- do you
think of me now that I've
"She's a new girl with us and rassment when he opened the kissed you?"
just fresh from the country so wrong door in a train station waitProfessor: "You'll pass."
we'll have to show her what's right ing room and hollered "Extra
and what's wrong," said the engi- paper."
A group of ministers and the
neer to his assistant.
local
Society of Professional Engi"Very good sir," replied the asHow do you kill a madras eleneers were holding conventions in
sistant, "you show her what's phant?
right."
Spit on him till he bleeds to the same hotel. The catering service had to work at top speed to
death.
serve
dinners to both.
application:
job
Question on a
The
engineers were having
Poise is that quality that enables
"Are you a natural born citizen?"
spiked
watermelon
for dessert, but
you to buy a new pair of shoes
Answer: "No, Caesarean."
while ignoring the hole in your the harrassed chef served it to the
ministers by mistake.
A beautiful coed walked by me sock.
"Quick!" he commanded a waitall dressed in red, and as she did
er.
"If they haven't eaten the
she reminded me of a fire engine.
Love — the delusion that one
watermelon,
bring it back and we'll
Why ? Because she wore red and woman differs from another.
give to to the engineers.
a newspaper is read and what you
The waiter returned and reportread are lines and the printer who
How to Tell Whether Your Golded it was too late—the ministers
sets these lines is a liner and a fish Is a Boy or a Girl:
liner is the Queen Mary and the
To the water in the goldfish were eating the dessert.
"Well," demanded the excited
Queen Mary sails the ocean blue bowl add one-half ounce of suland in the ocean blue there are furic acid. If he comes floating chef. "What did they say ? How
fish and the fish have fins and the to the top, he's a boy. If she comes did they like it?"
"Don't know how they liked it,"
Finns fought the Turks and the floating to the top, she's a girl.
replied the waiter, "but they're all
Turks fought the Russians and the
Russians are red and a fire engine
Coed #1: "I caught my boy- stuffing the seeds in their pockets."
is red, and that is why this coed friend necking."
reminded me of a fire engine.
Coed #2: "I caught mine the
same way."
An optimist is a guy who opens
Two businessmen were watching
a fifth in a crowd and saves the
a nightclub show. As a goregous
How do you make an elephant cork.
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Who's helping
make water
come clean
again?
The same Union Carbide that
helped develop a new stainless
steel used in subway cars.

Streams and rivers in many parts
of the country were being plagued
with foam, partly due to detergents. In some areas foam even
came through the faucets ... because old detergents kept on
foaming after they went down
the drain.
Now things are changing—the
result of ten years' work by detergent manufacturers. We've
helped by being the first to come
up with new kinds of detergent
chemicals that let the suds do
their work in the wash and yet
allow foam to be broken down
quickly after use.
We've been busy improving
many things. Our research work

on stainless steel helped develop
a new grade of steel that has recently been used to reduce the
weight and cost of subway cars.
We came up with new kinds of
corrosion-resistant alloys for use
in the chemical industry. And
recently we introduced a plastic
drinking straw that won't turn
soggy.
To keep bringing you these and
many other new and improved
products, we'll be investing half a
billion dollars on new plant construction during the next two
years.

Canada Limited,Toronto • Divislons: Carbon Products,
Union Carbide Corporation, 270 Park Avenue, New York, N. Y. 10017. In Canada : Union Carbide
Mining & Metals, Nuclear, Olefins, Plastics, Silicones, SteHite
Chemicals, Consumer Products, Fibers & Fabrics, Food Products, International, Linde,
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Should You Work for a Big Company?

An interview with General Electric's S. W. Corbin, Vice President and General Manager, Industrial Sales Division.
ances for consumers; to satellites
and other complex systems for aerospace and defense.
Q. How about attaining positions of
responsibility?

S. W. CORBIN

MI Wells Corbin heads what is probably
the world's largest industrial sales organization, employing more than 8000 persons
and selling hundreds of thousands of diverse products. He joined General Electric
in 1930 as a student engineer after graduation from Union College with a BSEE. After
moving through several assignments in industrial engineering and sales management,
he assumed his present position in 1960.
He was elected a General Electric vice
president in 1963.
Q. Mr. Corbin, why should I work for
a big company? Are there some
special advantages?
A. Just for a minute, consider what
the scope of product mix often found
in a big company means to you. A
broad range of products and services
gives you a variety of starting places
now. It widens tremendously your opportunity for growth. Engineers and
scientists at General Electric research, design, manufacture and sell
thousands of products from microminiature electronic components and
computer-controlled steel-mill systems for industry; to the world's
largest turbine-generators for utilities; to radios, TV sets and appli-

A. How much responsibility do you
want? If you'd like to contribute to
the design of tomorrow's atomic reactors—or work on the installation
of complex industrial systems—or
take part in supervising the manufacture of exotic machine-tool controls—or design new hardware or
software for G-E computers—or direct
a million dollars in annual sales
through distributors—you can do it,
in a big company like General Electric, if you show you have the ability.
There's no limit to responsibility .. .
except your own talent and desire.
Q. Can big companies offer advantages in training and career development programs?
A. Yes. We employ large numbers of
people each year so we can often set
up specialized training programs
that are hard to duplicate elsewhere.
Our Technical Marketing Program,
for example, has specialized assignments both for initial training and
career development that vary depending on whether you want a
future in sales, application engineering or installation and service engineering. In the Manufacturing Program, assignments are given in manufacturing engineering, factory supervision, quality control, materials man-

agement or plant engineering. Other
specialized programs exist, like the
Product Engineering Program for you
prospective creative design engineers,
and the highly selective Research
Training Program.
Q. Doesn't that mean there will be
more competition for the top jobs?

A. You'll always find competition
for a good job, no matter where
you go! But in a company like G.E.
where there are 150 product operations, with broad research and sales
organizations to back them up, you'll
have less chance for your ambition to
be stalemated. Why? Simply because
there are more top jobs to compete
for.
Q. How can a big company help me
fight technological obsolescence?
A. Wherever you are in General Electric, you'll be helping create a rapid
pace of product development to
serve highly competitive markets. As
a member of the G-E team, you'll
be on the leading edge of the wave
of advancement—by adapting new research findings to product designs,
by keeping your customers informed
of new product developments that
can improve or even revolutionize
their operations, and by developing
new
machines, processes
and
methods to manufacture these new
products. And there will be classwork too. There's too much to be
done to let you get out of date!

FOR MORE INFORMATION on careers for engineers and scientists at General Electric, write
Personalized Career Planning, General Electric, Section 699-12, Schenectady, N. Y. 12305
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